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In the title compound, C 2 6H 17 OP, the naphthyl ring systems 
are bent away from each other [dihedral angle = 30.81 (8)°]. In 
the crystal, weak intermolecular C— H- ■ O interactions link 
the molecules into helical chains along the 2 1 screw axis. 

Related literature 

For applications of organophosphorus compounds, see: 
Antczak & Montchamp (2008); Yan & Zhang (2005). For 
related structures, see: Tani et al. (1994); Gowda et al. (2010). 




Experimental 

Crystal data 

C2 6 H 17 OP 
M, = 376.37 
Monoclinic, P2 1 
a = 10.9637 (12) A 
b = 8.0627 (8) A 



c = 11.0352 (13) A 
ft = 94.746 (1)° 
V = 972.13 (18) A 3 
Z = 2 

Mo Ka radiation 



/x = 0.16 mm 
T = 298 K 

Data collection 

Bruker SMART 1000 CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.961, r maI = 0.980 

Refinement 

R[F 2 > 2a(F 2 )} = 0.042 

wR(F 2 ) = 0.065 

S = 1.03 

3317 reflections 

253 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



0.26 x 0.17 x 0.13 mm 



4947 measured reflections 
3317 independent reflections 
2431 reflections with / > 2a(l) 
R,„, = 0.027 



H-atom parameters constrained 
Ap max = 0.25 e A~ 3 



-0.21 e A" 



Absolute structure: Flack (1983); 

1455 Friedel pairs 
Flack parameter: 0.00 (9) 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C25-H25-01' 


0.93 


2.47 


3.229 (4) 


139 



Symmetry code: (i) — x + 2, v — |, — z. 

Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

We acknowledge financial support by the Natural Science 
Foundation of China (grant No. 20772055). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: CV5145). 
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7-Phenyl-7//-dinaphtho[2,l-6:l\2'-rf]phosphole 7-oxide 
L. Yao and C.-Q. Zhao 

Comment 

Organophosphorus compounds are important in various applications (Antczak et al, 2008), including asymmetric catalysis 
(Yan & Zhang, 2005). In our search for new organophosphorus compounds, we obtained the title compound (I) uninten- 
tionally. 

The molecule of (I) (Fig. 1) is chiral because of the bent naphthyl rings. All bond lengths and angles are normal and 
comparable with those observed in the related compounds (Tani et al, 1994; Gowda et al, 2010). Weak intermolecular 
C — H— O hydrogen bonds (Table 1) link molecules into helical chains along screw axis 2\. 



«-BuLi(0.2 mmol of a 1.6Mhexane solution) was added dropwise to a solution of (7?)-2,2'-dibromo-l,l'-binaphthyl (0.1 
mmol) in dry ether(5 ml) at -30°C. After stirring for 3 h to form (/?)-2,2-Dilithio-l,r-binaphthalene, it was added to 
dichlorophenylphosphine(0.1 mmol) at -80°C for 0.5 h, then the mixture was stirred from -80°C to room temperature 
overnight. After washing with water, the resulting solution was purified by silica gel plate to afford optically pure product 
7-phenyl-7//-berizo[e]naphtho[2,l-6]phosphindole. The crystal suitable for X-ray diffraction was obtained from recrystal- 
lization with acetone, during this process the product was oxidized to form the title compound. 



All H atoms attached to C atoms were fixed geometrically and treated as riding, with C — H = 0.93 - 0.98 A, with (7i S0 (H) 
= 1.5 C/ eq (methyl) and t/i S0 (H) = 1.2 t/ eq (C) for all other H atoms. 



Experimental 



Refinement 



Figures 



Fig. 1. The molecular structure of the title compound, showing the atomic numbering scheme 
with 50% probability displacement ellipsoids. H atoms have been omitted for clarity. 



I I ."^ \ 




7-Phenyl-7H-dinaphtho[2,1-o:1 ',2'-c/]phosphole 7-oxide 



Crystal data 



C26H17OP 



F(000) = 392 
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M r = 376.37 D x = 1.286 Mgm 3 

Monoclinic, P2\ Mo Ka radiation, X = 0.71073 A 

Hall symbol: P 2yb Cell parameters from 1467 reflections 

a = 10.9637 (12) A 9 = 2.5-25.9° 

b = 8.0627 (8) A n = 0.16 mm" 1 

c= 11.0352 (13) A 7=298 K 

(3 = 94.746 (1)° Block, colourless 

V= 972.13 (18) A 3 0.26 x 0.17 x 0.13 mm 

2 = 2 



Data collection 



Bruker SMART 1000 CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r min = 0.961, T max = 0.980 
4947 measured reflections 



3317 independent reflections 

243 1 reflections with / > 2o(I) 
R int = 0.027 

Qmax ~~ 25.0°, Gmin ~~ 2.5° 

/; = -8^13 

k = -9^9 
? = -ll— »13 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.042 

wR(F 2 ) = 0.065 

S= 1.03 

3317 reflections 

253 parameters 
1 restraint 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w= l/[0 2 CFo 2 ) + (O.O113 J P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.25 e A~ 3 
Ap mi „ = -0.21 eA -3 

Absolute structure: Flack (1983); 1455 Friedel pairs 
Flack parameter: 0.00 (9) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 
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factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TT- *ITJ 
^iso ' *^eq 


Ol 


0.90190 (19) 


0.5234 (2) 


0.13528 (15) 


0.0670 (6) 


PI 


0.81611 (7) 


0.41973 (10) 


0.20150 (6) 


0.0522 (2) 


CI 


0.6484 (3) 


0.4877 (3) 


0.3524 (2) 


0.0407 (7) 


C2 


0.6672 (3) 


0.4991 (3) 


0.2295 (2) 


0.0452 (7) 


C3 


0.5726 (3) 


0.5462 (4) 


0.1420 (2) 


0.0563 (8) 


H3 


0.5873 


0.5517 


0.0603 


0.068* 


C4 


0.4601 (3) 


0.5835 (3) 


0.1773 (3) 


0.0599 (8) 


H4 


0.4009 


0.6272 


0.1210 


0.072* 


C5 


0.4318(3) 


0.5569 (3) 


0.2986 (3) 


0.0519(8) 


C6 


0.5254 (3) 


0.4972 (3) 


0.3874 (2) 


0.0437 (7) 


C7 


0.4870 (3) 


0.4388 (4) 


0.5001 (2) 


0.0530 (7) 


H7 


0.5438 


0.3892 


0.5561 


0.064* 


C8 


0.3681 (3) 


0.4543 (4) 


0.5274 (3) 


0.0653 (9) 


H8 


0.3448 


0.4142 


0.6010 


0.078* 


C9 


0.2806 (3) 


0.5308 (4) 


0.4447 (3) 


0.0709 (10) 


H9 


0.2018 


0.5496 


0.4670 


0.085* 


CIO 


0.3107 (3) 


0.5773 (4) 


0.3326 (3) 


0.0670 (9) 


H10 


0.2512 


0.6229 


0.2775 


0.080* 


Cll 


0.7644 (2) 


0.4480 (3) 


0.4292 (2) 


0.0423 (7) 


C12 


0.8558 (2) 


0.3895 (3) 


0.3616(2) 


0.0447 (7) 


C13 


0.9672 (3) 


0.3282 (4) 


0.4170 (3) 


0.0574 (8) 


H13 


1.0266 


0.2876 


0.3693 


0.069* 


C14 


0.9880 (3) 


0.3285 (4) 


0.5413 (3) 


0.0590 (9) 


H14 


1.0580 


0.2786 


0.5781 


0.071* 


C15 


0.9036 (3) 


0.4043 (4) 


0.6133 (2) 


0.0499 (7) 


C16 


0.7915 (3) 


0.4729 (3) 


0.5589 (2) 


0.0452 (7) 


C17 


0.7202 (3) 


0.5734 (3) 


0.6322 (2) 


0.0552 (8) 


H17 


0.6510 


0.6268 


0.5968 


0.066* 


C18 


0.7516(3) 


0.5927 (4) 


0.7538 (3) 


0.0667 (9) 


H18 


0.7039 


0.6589 


0.8002 


0.080* 


C19 


0.8567 (3) 


0.5122 (4) 


0.8097 (3) 


0.0711 (10) 


H19 


0.8749 


0.5208 


0.8933 


0.085* 


C20 


0.9316(3) 


0.4221 (4) 


0.7416(2) 


0.0644 (8) 


H20 


1.0012 


0.3720 


0.7790 


0.077* 


C21 


0.7879 (3) 


0.2185 (3) 


0.1327 (2) 


0.0501 (8) 


C22 


0.6998 (3) 


0.1138(4) 


0.1745 (2) 


0.0703 (10) 


H22 


0.6498 


0.1511 


0.2329 


0.084* 


C23 


0.6864 (3) 


-0.0466 (5) 


0.1290 (3) 


0.0860 (11) 


H23 


0.6280 


-0.1174 


0.1572 


0.103* 


C24 


0.7609 (3) 


-0.0997 (4) 


0.0415 (2) 


0.0720 (10) 


H24 


0.7527 


-0.2075 


0.0121 


0.086* 


C25 


0.8467 (3) 


0.0030 (4) 


-0.0029 (2) 


0.0640 (9) 
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H25 


0.8951 


-0.0340 


-0.0627 


0.077 


* 




C26 


0.8599 (3) 


0.1633 (4) 


0.0430 (2) 0.0541 (8) 




H26 


0.9175 


0.2341 


0.0135 


0.065 


* 




Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 



Ol— PI 


1.4937 (18) 


C13— C14 
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1.801 (2) 


C13— H13 
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C3— H3 


0.9300 


C18— C19 
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1.415 (3) 


C18— H18 


0.9300 
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1.3yU (4) 


POO I T ~) ~) 

CZZ — rlZZ 


U.y3UU 


PT1 PT/1 

CZ3 — CZ4 


1 QO/l ( A\ 

1.3o4 (4) 


v. j — nzj 


U.7JUU 


C24 — C25 


1.373 (4) 


C24 — H24 


0.9300 


C25 — C26 


1.391 (4) 


C25 — H25 


0.9300 


C26 — H26 


0.9300 


r^i/i rn rn 
C14 — C13 — C12 


linn /i\ 

ny.y (3) 


C14 C13 — H13 


1 in n 
12U.U 


n i ni un 
C12 — C13 — H13 


1 in n 
120.0 


pii ric 
C13 — C14 — C15 


1 in i \ 
120.2 (3) 


ni /~i1 /1 mi 

C13 — C14 — H14 


1 1 n n 

ny.y 


nc pii mi 
C15 — C14 — H14 


1 1 n n 

ny.y 


pn ric nn 
C14 — C15 — C20 


1 in 3 (l\ 
120.3 (3) 


C14 — Cl j — C10 


1 in o ^i\ 
12U.6 (2) 


nn n ^ z" 1 1 /; 
C20 — C 1 5 — C 1 0 


1 1 O O /"3\ 
116.6 (3) 


pn pit pk 
C 1 / — C 1 0 — C 1 5 


1 1 O 1 /1\ 

116.2 (2) 


pn pit pi i 
C 1 / — C 1 0 — C 1 1 


1 i/i i /i\ 
124.2 (2) 


PK PU P11 

C 1 5 — C 1 0 — C 1 1 


1111 /i\ 
11 / .3 (2) 


PIO P11 pu 

C 1 a — (_ 1 / — C 1 o 


in 1 ii\ 
121.1 (3) 


pio pii un 
C 1 a — C 1 / — H 1 / 


1 1 n a 

ny.4 


pit pii un 
ClO — Cl / — HI / 


1 1 n a 

ny.4 


pii pio pin 

ci / — cio — ciy 


1 in i fi\ 
120.3 (3) 


p 1 1 P 1 Q XJ1 Q 
C 1 / C 1 5 ti 1 6 


1 1 Q Q 

i iy.6 


pin pio mo 
Ciy — Clo — HI 5 


1 1 n o 
liy.6 


pin pin pio 
C20 — c i y — C 1 0 


1 in c /l\ 
120.5 (3) 


pin pin um 

C20 — c i y — h i y 


1 1 n o 

ny.6 


pio pin um 

cis — ciy — Hiy 


lino 

ny.6 


pin pin pk 
C 1 y — C20 — C 1 5 


1 in /; /i \ 
120.0 (3) 


pin pin uin 
C 1 y — C2U — H2U 


1 1 n i 

i iy. / 


pk pin uin 
C 1 5 — C20 — H20 


1 1 n i 

iiy./ 


pi/; pn pn 
C2o — C2 1 — C22 


i i n £. /l\ 

ny.o (3) 


P1/C P1 1 T>1 

C2o — C2 1 — r 1 


1 in n /i\ 
120.0 (2) 


P11 PII T>1 

C22 — C21 — r 1 


1 in i /i\ 
120.3 (2) 


pii pii pn 
C23 — C22 — C2 1 


i in i ii\ 
120.1 (3) 


pii pii mi 
C23 — C22 — H22 


1 in n 
120.0 


C21— C22— H22 


120.0 


C22— C23— C24 


119.2 (3) 


C22— C23— H23 


120.4 


C24— C23— H23 


120.4 


C25— C24— C23 


121.6 (3) 


C25— C24— H24 


119.2 
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C 3 — C 1 U — H 1 U 


1 1 n a 


C 1 ? P 1 1 C 1 f\ 

V. 1 Z, V. 1 1 V 1 u 


1 1 Q Q (J\ 


C12 — Cll — CI 


112.7 (2) 


C16 — Cll — CI 


128.4 (2) 


Cll — C12 — C13 


121.8 (2) 


Cll — C12 — PI 


110.9 (2) 


C13 — C12 — PI 


127.1 (2) 


p/r pi pi { ' ~> 

Co — C 1 — Lz — C3 


in c ( a \ 
1U.5 (4) 


pi i p 1 pi pi 
CI 1 — CI — C2 — C3 


1 "7C "7 /"1\ 

-1 /5. / (2) 


p/: n pi r>i 
Co — C 1 — C2 — r 1 


i £. 1 £. a ( 1 n\ 
— 161.64 (iy) 


n 1 p 1 PI rji 

CI 1 — CI — C2 — r 1 


it i n\ 
12.2 (3) 


ai T>1 pi pi 

Ul — r 1 — Cz — CI 


1 T/; no ( 1 o\ 

— izo.yy i^ioj 


rji pi p 1 
C 1 2 — r 1 — Cz — C 1 


/i n n\ 

-4.9 (2) 


pi 1 di pi ri 
Cz 1 — r 1 — Cz — C 1 


1 A/1 TO fl\ 

1U4.Z5 (lyj 


*~n di /n r^i 
U 1 — r 1 — Cz — C3 


01.4 (3) 


r^i o di /n r^i 
C 1 z — r 1 — Cz — C3 


1 TA ^ /")\ 

— 1 /0.3 (Z J 


pi 1 T>1 pi pi 
Cz 1 — r 1 — Cz — C3 


— 0/.3 (3) 


pi pi pn p/i 

C 1 — Cz — C 3 — C4 


f\ *7 ( A\ 

0.7 (4) 


T>1 PI PI P/1 

r 1 — Cz — C3 — C4 


1/1.3 (Z) 


PI PI P/1 PC 

Cz — C3 — C4 — C j 


-7.7 (4) 


PI P/1 PC PI/1 

C3 — C4 C J — C 1 U 


-1 /Z.o (3) 


pi p/i pc p/; 
C3 — C4 — C5 — Co 


"2 1 f A\ 

3.1 (4) 


pi pi p/; p~7 
Cz — CI — Co — C / 


13v.y (Z) 


P11 pi p/; p~7 
Cll — CI — Co — C/ 


-12.1 (4) 


pi pi p/; pc 
Cz — CI — Co — C5 


-14.5 (3) 


P11 pi p/; pc 
CI 1 — CI — Co — C5 


i /z.y (zj 


p/i pc 

C4 — C J — CO — C / 


— loo.o {3 ) 


P1A PC p/: P"7 

C 1 U — C5 — Co — C / 


8.9 (4) 


p/i pc r^i 
C4 — CD — CO — C 1 




pin pc p/: pi 
C 1 U — C5 — Co — C 1 


1 /O.Z (3) 


pi p/r p-7 po 

CI — CO — C / — Co 


1 7Q 1 f1\ 

i /y.i (3 j 


pc p/: p~7 po 
C5 — Co — C / — Co 


—0.4 (4) 


p/; p"7 po pn 

Co — c / — cs — cy 


— U.o (3) 


p~7 po pn pin 
C / — Co — cy — C 1 U 


5.7 (5) 


po pn pin pc 

Co — cy — C 1 U — C J 


-2.9 (5) 


p/i pc pin pn 

C4 — c j — c i u — cy 


1/1.3 (3) 


p^ pc pin pn 

Co — cd — c i u — cy 


—4.4 (4) 


PI PI P11 P 1 1 

Cz — CI — Cll — Clz 


1 c o n\ 
-15.0 (3) 


p/; pi pii pn 
Co — CI — Cll — Clz 


1 C"7 1 

15 / .2 (2) 


PI PI P11 P 1 /C 

Cz — CI — Cll — Clo 


1 /;n 1 
lOU.2 (I) 


p/; pi P11 P1/T. 

Co — CI — Cll — Clo 


-26.8 (4) 


C16— Cll— C12— C13 


10.5 (4) 


CI— Cll— C12— C13 


-173.1 (2) 


C16— Cll— C12— PI 


-164.76 (18) 


CI— Cll— C12— PI 


11.7 (3) 


Ol— PI— CI 2— Cll 


120.84 (19) 



CZ3 — CZ4 — hlZ4 


1 ly.z 


ciA r?s cifi 


11 R Q (Vl 


C24 — C25 — H25 


120.5 


C26 — C25 — H25 


120.5 


C21 — C26 — C25 


120.6 (3) 


C21 — C26 — H26 


119.7 


C25 — C26 — H26 


119.7 


pt T>1 pn pii 
C2 — r 1 — C12 — Cll 


-4.2 (2) 


PII rji pn P11 

C21 — rl — C12 — Cll 


— 1 lU.y (Z) 


p.1 t>i pn pi-5 
Ul — r 1 — C12 — C13 


ZA 1 

-54.1 (3) 


pi T»1 pn P1*5 
C2 — r 1 — C12 — C13 


1 *7n 1 
-1 /y.l (3) 


r^oi di rn pi i 
Czl — rl — Clz — C13 


^7/1 0 /QA 

74.2 (3) 


P11 PIT PIT p| 1 

Cll — C12 — CI 3 — C14 


1 T //1\ 

-1.2 (4) 


di pn pii p 1 a 
rl — Clz — CI J — C14 


1 /3.Z (Z J 


pn pn pn pic 
C12 — C13 — C14 — C15 


-6.1 (4) 


pn pn pic pin 
C 1 3 — C 1 4 — C 1 5 — C2U 


— \ 11. 1 (3) 


pn pn pic pu 
C13 — C14 — C15 — C16 


i n f a\ 

3.9 (4) 


pn pic pu pn 
C14 — C15 — C16 — CI / 


1 £n n \ 
-loy.u (3) 


PTn pic pu pn 
C2U — C 1 5 — C 1 6 — C 1 / 


1 & f A\ 

7.6 (4) 


pn pic pu pii 
C 14 — C 1 5 — C 1 6 — C 1 1 


Z 1 ( A\ 

5.3 (4) 


pin pic pu P11 

C2U — C 1 5 — C 1 6 — C 1 1 


-1 /o.l (3) 


pn P11 pn: pn 
C12 — Cll — C16 — CI / 


lol.o (3) 


pi pii pu pn 
CI — Cll — C16 — CI / 


i/i i //i \ 
1 4.Z (4) 


pn P11 pu pic 
C12 — Cll — CI 6 — CI 5 


1 T 1 (A \ 

—12.2 (4) 


pi P11 pu P1C 

CI — Cll — CI 6 — CI 5 


1 *7T n \ 
1 /Z.U (3) 


pic pu pn pio 
C15 — C16 — CI / — Clo 


c //i\ 
-5.6 (4) 


pii pu pn pio 
Cll — Clo — CI / — Clo 


1 *7n /i 
-l /y.4 (3) 


pu pn pio pin 
C16 — CI / — Clo — ciy 


n n //i\ 
U.U (4) 


pn pio pin pin 
C 1 / — C 1 0 — C 1 y — CzU 


1 *7 /'^A 

3.7 (5) 


pio pin pm pic 
C 1 0 — C 1 y — C2U — C 1 5 


-1.5 (5) 


c^\a pk r*^tn no 
C14 C15 — CzU — ciy 


1 TO /I /QA 

1 /Z.4 (3 j 


pu pic pin pin 
C 1 6 — C 1 5 — C2U — c i y 


-4.2 (5) 


p.1 T>1 pi 1 pi/; 
Ul — r 1 — C21 — C26 


11 C /I \ 

11.5 (3) 


pn T>1 pi 1 pi/; 
C12 — r 1 — C21 — C26 


1 1 O T 

-llo. / (Z) 


PI TJ1 PI 1 pi/ 

C2 — r 1 — C21 — C26 


i/i/i /i \ 
144.4 \l) 


P.1 T51 PTI P11 

Ul — r I — C2l — C22 


— 1 /Z. / (Z) 


pn T>1 pi 1 pn 
C 1 2 — r 1 — C2 1 — C22 


CT 1 

57.1 (3) 


PI T>1 PI 1 PII 

C2 — r 1 — C2 1 — C22 


in o /i \ 

-39.8 (3) 


pi/t pn pn pn 
C26 — C2 1 — C22 — C23 


1.8 (5) 


T>1 pn pn pn 
r 1 — C2 1 — C22 — C23 


1 "7/1 C\ (1\ 

— \ /4.U (3) 


pn pn pn pi/i 
C2 1 — C22 — C23 — C24 


-0.5 (5) 


C22— C23— C24— C25 


-1.0 (5) 


C23— C24— C25— C26 


1.1 (5) 


C22— C21— C26— C25 


-1.6 (4) 


PI— C21— C26— C25 


174.1 (2) 


C24— C25— C26— C21 


0.2 (4) 
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Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—R-A 

C25— H25-01 i 0.93 2.47 3.229 (4) 139. 

Symmetry codes: (i) -x+2,y-l/2, -z. 
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